The sacroiliac joint accounts for approximately 10% to 25% of cases of chronic mechanical low back pain. Some pain provocation sacroiliac joint tests can be used in diagnosing sacroiliac joint pathology. However, none of the provocative sacroiliac tests alone were found to have positive predictive value for diagnosing sacroiliac joint pain. Diagnostic sacroiliac joint injections is considered to be the best diagnostic method. Intra-articular injections, periarticular injections, conventional radiofrequency, pulsed-radiofrequency and cooled-radiofrequency neuromodulations are the interventional pain management methods of sacroiliac joint. The evidence for cooled radiofrequency neurotomy treatment seems to be fair according to the treatment guidelines. The evidence for intraarticular steroid injections, periarticular injections with steroids, pulsed radiofrequency, and conventional radiofrequency neurotomy seem to be limited (or poor) for short-term and long-term pain relief.
INTRODUCTION
Low back pain (LBP) is associated with significant economic, societal, and health impact. Most of the LBP episodes (80%-90%) are resolving in about 6 weeks. However, 5% to 10% of the patients with acute LBP develop persistent LBP lasting more than 6 weeks [1] . To determine the specific etiology of the chronic LBP is not easy. The specific cause can only be determined in up to 15%-20% of the patients with chronic LBP. Schwarzer et al. [2] [3] [4] showed facet joint pain in 15% to 40% of the patients, discogenic pain in 39% of the patients, and sacroiliac joint mediated pain in 19% of the patients with chronic LBP.
The sacroiliac joint (SIJ) is a diarthrodial joint with unique characteristics not typically found in other diarthrodial joints. The distinctive feature is that the SIJ has fibrocartilage in addition to hyaline cartilage. Anterior surface of the SIJ shows a feature of synovial joints, while posterior surface of the joint has a syndesmotic junction. The sacroiliac joint is well innervated. The SIJ is innervated mainly by the ventral rami of L4 and L5, the superior gluteal nerve, and the dorsal rami of L5, S1, and S2 [5] . Due to the wide distribution of innervation, clinical symptoms associated with SIJ pain is also very different. SIJ pain can occur following a traumatic event or cumulative shear events, or can occur spontaneously. Several mechanisms of injury may be linked to the development of SIJ pain, including a direct fall onto the buttocks, motor vehicle accidents, and a step into an unexpected hole [6] .
The most common pain-referral zones from the SIJ are the lower lumbar region and buttock. The other pain-referral zones are consisted of thigh, leg and groin [7] . Some pain provocation SIJ tests can be used in diagnosing SIJ pathology. However, none of the provocative sacroiliac tests alone were found to have positive predictive value for diagnosing SIJ pain [8] . Sensitivity and specificity for three or more of six positive SIJ tests (distraction test, thigh thrust test, Gaenslen's test, compression test, cranial shear test and sacral thrust test) were 94% and 78%, respectively. So that, composites of provocation SIJ tests are of value in clinical diagnosis of symptomatic SIJ. When all six provocation tests do not provoke familiar pain, the SIJ can be ruled out as a source of current LBP [9] .
In the literature, the use of radiography, computed tomography (CT), single photon emission CT (SPECT), bone scans, magnetic resonans imaging (MRI), and other nuclear imaging techniques have been used to identify specific disorders of the SIJ. However, no pathognomonic findings supporting the cause of SIJ pain are found on medical imaging except those patients with "red flags" such as infection, inflammation and trauma [9, 10] . So that, medical imaging is indicated only to rule out "red flags" [11] .
Due to the inability to make the diagnosis of symptomatic SIJ with clinical examination and radiological imaging, sacroiliac joint blocks appear to be as a current acceptable method to provide appropriate diagnosis [12] . The International Association for the Study of Pain (IASP) criteria for making the diagnosis of symptomatic SIJ are: (1) pain is present in the region of the SIJ, (2) stressing the SIJ by clinical tests that are selective for the joint reproduces the patient's pain, (3) selectively infiltrating the symptomatic joint with local anaesthetic completely relieves SIJ pain of the patient [13] .
DIAGNOSTIC SACROILIAC JOINT INJECTIONS
Based on present knowledge, a proper diagnosis can only be made using controlled diagnostic SIJ blocks. The false-positive rate was found more higher in those patient having a single block than in those having a double block [14] . The false-positive rate of a single block is estimated to range between 20% and 54% [15] . The use of double-blocks can reduce the high false-positive rate associated with uncontrolled SIJ injections. The evidence for the accuracy of SIJ diagnostic injections was found as good for the diagnosis of SIJ pain utilizing controlled diagnostic blocks [16] .
The common indications for SIJ blocks are: 1) patients with chronic LBP below the level of L5 vertebra, 2) patients with or without somatic referred pain in the lower limb, in whom no other diagnosis is readily apparent, 3) lack of obvious evidence for discrelated or facet joint pain, 4) a diagnosis has been made or cannot be made using less invasive options, and 5) failure to respond to conservative management [16] .
Controlled SIJ blocks with placebo or controlled comparative local anesthetic blocks are recommended when indications are satisfied. A positive response is considered ≥ 80% pain relief with ability to perform previously painful movements [17] .
The use of fluoroscopy or other imaging to guide needle placement during SI joint blocks is strongly recommended. Computerized tomography (CT) monitored injections are useful when the SI joint cannot be accessed using fluoroscopy [18] . In an observational study, 60 patients had blind SIJ injections with 2 ml of contrast. The authors found that only 12% of patients had intraarticular spread [19] . Rosenberg et al. [20] evaluated the accuracy of clinically guided SIJ injections using CT. Intraarticular injection was accomplished in only 22% of the patients, though the injected contrast was noted to be within one cm of the joint in 68% of individuals. There is no evidence to support the use of ultrasound or landmark-guided injections for SIJ pain. These injections must be performed under fluoroscopic or radiologic guidance.
THERAPEUTIC SACROILIAC JOINT INJECTIONS
Interventional pain managements for SIJ include intra-articular injections, periarticular injections and radiofrequency (RF) neurolysis. RF neurolysis is becoming a more popular and accepted treatment for SIJ pain [21] . The treatment guidelines suggest RF neurolysis in the patients who had positive response to diagnostic block injection, and who had short-term pain relief after the intra-articular steroid injections [15] . However the effectiveness of RF neurolysis for SIJ pain remains unclear. RF neurolysis can be used in treating patients with SIJ pain who had no response to the conservative treatments [21] .
RADIOFREQUENCY NEUROLYSIS
There are currently three different methods of RF neurolysis: a) Conventional RF: The nerve lesion occurs in 60-90 s with 70-80 •C. The lesion in proximal side of active electrode is larger than distal side. Therefore, it is recommended that the electrode must be positioning as parallel to the nerve tissue. b) Pulsed RF: The heat does not exceed 42 •C. RF current is applied two times per second, 20 ms during 120 s. Thus, no permanent damages were observed in the affected nerves. The most intense part of the electromagnetic field is the sharp end of electrode. Therefore, the electrode in the pulsed RF applications is placed perpendicular to the nerve tissue in contrast to conventional RF. c) Cooled-RF: Cooled-RF is a novel technique whereby internally cooled RF probed can lead to larger lesions. In this application; the circulatory water in the probe is cooling the area of nerve which is near the electrode while RF energy between two electrodes heats the tissue.
RF neurolysis is usually applied to the posterolateral branch of the nerve roots of L5-S3. The electrodes are placed to the treatment area with guidance of C-arm fluoroscopy. After the target nerve stimulation and impedance control are done for confirming the right place of the electrode tip, RF current application is started. The application of conventional RF can be painful if local anesthesic injection is not applied. The positive response criteria are to achieve 50% pain reduction at 2 weeks after the RF neurolysis [15] . In case of lack of response to treatment, the suggested time for RF neurolysis would be 3 months or longer. It is suggested that the neurolysis can be repeated up to a maximum 3 times in the year [17] .
The complications for RF include increasing in spinal pain, a dysesthetic sensation, a burning sensation, hypoesthesia localized at the joint and allodynia, temporary leg pain, insufficient muscle strength of lower extremity, sensory or motor deficits of the strained sciatic nerve-other spinal nerve, irreversible injury of nontarget nerves [23] .
Level of Evidence
In the systematic review, the authors found that the conventional-RF for persistent SIJ pain had a low level of evidence [15] . Ferrante et al. [24] reported the use of RF denervation with bipolar electrode; and they showed that 36.4 % of the patients had 50 % pain reduction in period of at least six months. There are two randomized placebo-controlled studies including cooled-RF treatment. In the first study, Cohen et al. [25] found 50 % pain reduction in 64% of the patients at 3rd month after the management. But this rate reduced to 57 % at the 6th month. In the second study, Patel et al. [26] found 50 % pain reduction in 47 % of the patients at 3rd month while they reported this rate as 38 % at the 6th month after intervention. According to these results, the treatment efficacy of cooled-RF showed a moderate level of evidence [15] .
PERIARTICULAR AND INTRAARTICULAR SIJ INJECTIONS
Periarticular and intraarticular SIJ injections are indicated in the patients who has chronic LBP unresponsive to conservative treatment, who has LBP at least 3 months, who has ≥80% pain reduction after the diagnostic SIJ injection. In the injection technique; the patients are positioned in a prone position on the fluoroscopy table. C-arm fluoroscopy is set up contralaterally in the anteroposterior position to view the SIJ. The fluoroscopy is set up into an approximate 10-15 degree midsagittal position to identify SIJ clearly. After the skin and subcutaneous region are anesthetized using 2 cc of 1 % lidocaine hydrochloride, a 22-gauge 3.5 inch spinal needle is inserted into the SIJ space under fluoroscopy control. 1-2 ml of contrast material (omnipaque 300) is injected to confirm a proper arthrogram pattern (Figure 1) . When the right spread of the contrast pattern is achieved, a mixture of depo corticosteroid and local anaesthetic are injected into the SIJ. SIJ injections can be also performed with ultrasonography guidance. In a recent study, it was reported that the ultrasound guided SIJ injections has similar accuracy and efficacy to the fluoroscopy guided SIJ injections [27] .
The positive response criteria is to achieve 50% pain reduction at 2 weeks after the injection [15] . If there is no response to the treatment, the next SIJ injection can be done 2 months or longer. The number of injections can be limited to a maximum of 4 to 6 times for steroid injection over a period of one year, per joint [17] .
Complications
Local or systemic infection, hematoma formation, neural damage, trauma to the sciatic nerve, complications related to drug administration could be seen. It is indicated that the postprocedural complications are uncommon, but the risk of contamination and serious infections is very high [28] .
Level of Evidence
There are good and quality studies which report short-term effect of corticosteroid and local anestetic injection for SIJ. However, long-term effects are lacking [29] . Based on evidence-based guidelines and systemic reviews, the level of evidence for intraarticular injection is low [15, 17, 30] . However, in another an evidence-based clinical study, the evidence of intra-articular mixture of corticosteroid and local anestetic injection into SIJ is high [12] . In a review, it was reported that the effectiveness of local steroid and local anesthetic injections are similar [28] .
The authors evaluated the role of the periarticular injections in 2 randomized trials. Both of the studies showed that periarticular injections of local anesthetic with steroids are superior, though only in a short-term follow-up. However there were no significant difference between steroid and placebo groups in the long-term period. The major limitations for these studies are having small sample size and having injections without fluoroscopy guidance [31, 32] . Based on the review, there is low evidence for periarticular SIJ injections [15] . Borowksy et al. [33] investigated the combination of periarticular and inraarticular steroid injections. It was found that the response rate to treatment in patients who received the combination of injections was 31.25% while the response rate was 12.5% in the patients who receiving intraarticular injections only at 3 months. However there were not significant difference between the groups in the long-term period. In this study, the authors concluded that the significant part of SIJ pain could be extraarticular origin. So that the failure of the treatment for SIJ pain can be due to having only intra-articular injection. In another study, it was found the success rate 96% in periarticular injection of the SIJ pain while 62% success rate was found for intraarticular injection [34] . In a systematic review the periarticular, inraarticular steroid injections were evaluated, the authors could not have a definitive conclusion, which treatment was superior than others [15] .
PROLOTHERAPY IN SACROILIAC JOINT PAIN
Prolotherapy is known as a regenerative injection technique. The mechanism of action is based on the regenerative healing process. It has three phases: inflammation, proliferative with granulation and remodelling with contraction [35] . The major application area of prolotherapy is SIJ pain. In a recent report, the effectiveness of prolotherapy in SIJ pain was studied. Three injections were performed under CT-guided into the dorsal interosseous ligaments. The improvement was achieved in clinical outcomes during 3 months [36] . In another study; the intraarticular prolotherapy was applied and significant relief of SIJ pain was achieved [37] .
CONCLUSIONS
When we evaluated the effectiveness of interventional treatment methods of SIJ; the treatment efficacy of cooled-RF showed a moderate level of evidence while the other interventional treatment methods showed a low level of evidence. Although there are different results for the interventional treatment methods of SIJ, there is still ongoing debate about the effectiveness.
